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葉温降下時間による影響 :5Cの水に 1"-'50秒間葉を浸水処理，または葉面から 5cmの距
離で 2.4m1/1回噴霧のハンドスプレーを用いスプレー処理 葉温による影響:葉温が異な
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Leaf browning was induced at sites distant from the wounds in detached leaves in 6 species 
of Acanthaceae and 13 species of Gesneriaceae plants. This injury was observed in 
unwounded young leaves after their detachment from the mother plant， and sometimes in 
unwounded leaves on the wounded plantぅe.g.，when stem cuttings were made. The injury is 
restricted to one layer of palisade cells; the response is rapid. Chlorophyll t1uorescence 
intensity decreased irreversibly in an injured tissue within seconds at sites distant from the 
wound. 




We found that several species in the Acanthaceae and Gesneriaceae respond to removal of 
basal leaves or detaching shoots from the mother plant by obvious browning in the upper 
unwounded leaves. It is a rapid response as green leaves become brownish within a few 
seconds a丘erthe wounding. Finallyラ thecolor of the injured portion remains brownish-
yellow. ln Ruelliαmacranth仏 awound-sensitive plantラ youngleaves as far away as 70 cm 
from the cut end of the shoot showed signs of injury. To dateラ therehave been no reports 
about this phenomenon. 
Several species of Acanthaceae and Gesneriaceae are popular and valuable not only as 
flowers but also as foliage plants. These plants are usually propagated by using leaf cuttings 
or stem cuttings (Virginie and Elbeliラ1976). Although these procedures entail w0unding that 
causes leaf injuryラ thisphenomenon has been overlooked until now. ln this study， we 
examined the systemic response to wound in many species of Acanthaceae and Gesneriaceae. 
Materials and Methods 
Fifteen species of Acanthaceae and fourteen species of Gesneriaceae plants (Table 1) were 
grown from cuttings for at least one year in a glasshouse with 90% shading under a natural 
photoperiod at 18 to 35
0
C by day and 15 to 20
0
C by night. 
The plants were subjected to one or two of the following wounding treatments: a leaf or 
shoot was detached from the mother plant by hand or crushed with a leaf punch (0.5 cm in 
diam) 1 or 2 minutes after detachment. Plants in which browning appeared on unwounded 
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leaves and those in which injuries appeared at sites distant from the wounds in the detached 
leaves were classified as injured plants. Other organs were also examined for signs of injury. 
Wound treatments were conducted in a glasshouse on sunny days from May to Julyラ2000and 
the 11吋サJur吋ie俗swere detected by the naked eye and asce白rta
Chlorophyll fluorescence is the most sensitive and rapid indicator to determine whether leaf 
injury occurred or not at that stage in Saintpauliα(Yun et al.， 1998). 1njury， induced at a site 
distant from the woundラ wasdetected by fluorescence microscopeラ usingsymptomless 
detached leaves. The adaxial side of the leaf was viewed under a fluorescence microscope 
(MZ FL国ラ Leica，Switzerland)ラequippedwith an exciter (430 nm) and emitter filter (680 nm) 
set for chlorophyll fluorescence. The wound was made by crushing a 1-cm length of the 
midrib with a scalpel. 1mages of the injured portion of the leaf were captured by the change 
in the fluorescence intensityう usinga cooled CCD (Photometricsラ Germany)，Gl1gitizedラ and
processed simultaneously using Meta view imaging series ™ so立ware (Nippon Roper， 
UniversaI 1maging Co.). 
To examine the injury anatomicallyラ leafsegments (0.6 mm2)ラ obtainedfrom the injured 
area 7 days after woundingラ weredehydrated with an ethanoI seriesう embeddedin resin 
(Technovit 7100， Kulzer， Germany)ラandsectioned at 8μm with a microtome. 
Results and Discussion 
1n 6 species of the Acanthaceae and 13 species of the Gesneriaceae plantsラleafinj uries were 
observed in wounded detached leaves 01' in intact leaves on the cut stems a few seconds after 
those stimuli (Table 1， Fig. 1 Aラ B). These injuriesラ whichwere observed only in young 
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leaves of vigorously growing plantsラ appearedonly on sunny days. Ruellia mαcrαntha in 
Acanthaceae and Streptocαrjフusgenus and Saintpaulia ioηαηthαin Gesneriaceae were the 
most sensitive plants with more than 50% of the leaf area injured after local wounding (Table 
1). 1n these plantsラ theyoung leaves were 0立eninj ured even by the removal of the basal 
leaves (Fig. 2)。
Under the fluorescence microscope， a rapid decline of fluorescence intensity was confirmed 
in the injured area of the R. macranthαleaf. When a pm1 of a detached leaf was wounded by 
crushingラfluorescenceintensity declined rapidly across the leaf， starting from near the injured 
site to an area distant from the wound within a few seconds. The irregular shape of the 
i吋uredareaラ whichwas confirmed by a decline of luminescenceラ coincidedwith that of the 
brown area in the leaf which was taken 1 hr after wounding (Fig. 3). The injury did not 
subsequently enlarged. The decrease of fluorescence intensity was observed in -6ther injured 
plants and other organs， such as bracts or calyxesラ afterdetachment of the shoot or peduncle 
仕omthe mother plant (data not shown). Such a rapid decline of chlorophyll fluorescence 
intensity has not been reported in other plants except in S，αin伊αulia，which was directly 
induced by a rapid drop in leaf temperature with cold water (Yun et al.ラ 1998). However， the 
mechanism of this rapid response is stiU unknown. 
Other kinds of stress besides wounding could also induce leaf injury in the wound-sensitive 
plants described in Table 1; e.g.う asudden temperature drop in Gesneriaceae and Acanthaceae 
plants (Yun et al.ラ 2001). Those injured plants (Table 1) were frequently injured by overhead 
irrigation even with water at room temperature du1'ing propagation by leaf 01' shoot cuttings or 
transplanting in a glasshouse (unpublished). The anatomical featu1'es of the wound injury 
(Fig. 1 C) were identical with those of temperature drop shock (Elliotラ 1946)in that the injured 
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portion was restricted to the palisade cels. The responses were also rapid in both cases as 
the i吋ur・yappears within a few secondsラ butin our observationsラ onlywounding triggers leaf 
injury at a site distant from the stimuli. Species that are vulnerable to wound or other 
mechanical stimuliラ suchas temperature drop shockラ rubbingand touchう areidentical in the 
Acanthaceae and Gesneriaceae plants. 
Wounding is generally done under cultural and propagating conditions such as leafωor 
shoot -cuttingラ graftingor transplantingラ andmay trigger leaf injury. It is well known that 
plants respond to mechanical stress by adj usting their growth and developmentラbyshortening 
and thickening the stem (Jaff， 1980). They also acquire toughness and hardiness as 
‘mechanical defensesラ(Lucaset al.ラ 2000)，or show 'chemical defenses'， such as a systemic 
induction of defensive genes (Ryan and Pearc民 1998)in response to mechanical stress. We 
conclude that Acanthaceae and Gesneriaceae acquired specific responses to wouridingラ which
leads to a systemic cel death but whose function and mechanism remain unclear. 
Literature Cited 
Elliotラ F.H. 1946. Saintpaulia leaf spot and temperature differential. Proc. Amer. Soc. Hort. 
Sci. 47: 511-514. 
Jaff， M. J. 1980. Morphogenetic responses of plants to mechanical stimuli or stress. 
Bioscience 30: 239-243. 
Lucasラ P.W.， 1. M. TurnerラN.J. Dominy and N. Yamashita. 2000. Mechanical defences to 
herbivory. Annal. Bo1. 86: 913-920. 
Ryan， C. A. and G. Pearce. 1998. Systemin: a polypeptide signal for plant defensive genes. 
16 
17 
Annu. Rev. Cell Dev. Biol. 14: 1-17. 
VirginieラF.and G. A. Elbert. 1976. The miracle houseplants. p. 2-42. Crown PressラNewYork. 
Yun， J.G.ラ T.Hayashiラ S.Yazawa， T.Katoh and Y. Yasuda. 1998. Abrupt and irreversible 
reduction of chlorophyll fluorescence associated with leaf spot in Saintjフαuliα(African
violet). Scientia Hortic. 72: 157-169. 
Yun， J.G.ラ S.J. Yang， T. Hayashi and S. Yazawa. 2001. Leaf injury induced by temperature 



















Systcmic injury induced at sites distant from the 




































Achimenes spp. cv. Clouded yellow 
Achimense X Smithiantha cv. Aquarias 
Chirita sinensis cv. Dwarf 
Columneαspp. cv. Aladdins Lamp 





Nemathanthus spp. cv. Rio 
Sαintpaulia ionantha 
Streptocαrpus saxorum 
Streptocarpus spp. cv. Boisenberry delight 
Streptocarpus holstu 
Detached young leaves were locally wounded by crushing and 
leaf browning was observed immediately. 
Z (Q)， injured severely (more than 50% of the leaf area was 
injured) ; 0 ， injured moderately (1ess than 50% of the leaf 
area was injured) ; X ， uninjured. 
19 
Fig. 1. Leaf injury induced 1;>ya local wound in Ruellia 
macrantha. A， leaf browning induced the wound by 
crushing with a leaf puncher (black arrow) in detached 
leaf; B， leaf browning induced by shoot cutting; C， leaf 
transverse section stained with toluidine blue solution， 
indicates injury of palisade layer (wi). Barコ200μ瓜
20 
Fig. 2. Injury of young leaves induced by excision (detach時
ment) of old leaves in Saintpau.lia ionantha cv. Akira. 
More than five b註salleaves were detached at once on a 
sunny day in a glasshouse. The photograph was taken 
more than a week after the treatment. White arrows 
indicateinjured portion. 
21 
Fig. 3. The distribution of injury in a leaf after wounding at a 
distant site in Ruellia lnacrantha. A， Chlorophyl1 fluores叫
cence image of leaf injury. The I1nages were 'eaptured 
within 1 lnin after wounding. Black image shows the 
decline of fluorescence intensity (injury); B， The same 
part of the leaf ¥vith A was photographed 1 hr after 
wounding. The arrow indicates wounded site (1 cm 





Leaf temperature drop measured by thermography and occurrence of leaf brm川1Inginjury in 
Saintvaulia 
Summarv 
The relationship between the rate of temperature drop， observed by infrared video 
thermography， and leaf browning injury was investigated in Sαintvaulia. The severity of leaf 
injury increased largely during the immersion of leaf (20
0
C) in water (5
0
C) for 10 sec， whereas 
no further increase in the severity of injury was observed thereafter. During 3 sec of leaf 
immersion at various temperatures of water， leaf l1Jury was induced only，when the rate of 
temperature drop was more than 3
0
C/s. In the case of decreasing leaf temperature from various 
initial temperatures (40
0
C， 350C， 300C)， leaf ll1Jury was observed at smaller temperature 
di百erencebetween leaf and water when the initial leaf temperature was high. The rate of 
temperature drop was high when the leaf temperature at 330C as dropped to 200C (3.5
0
C/s) 
ra出erthan from 230C to 10
0
C (3.20C/s)， resulting in 53% and 32% injury on the leaf， 
respectively. The temperature drop of coated leaves following immersion in 7
0
C water 
showed a lower rate of temperature drop than uncoated leaves， resulting in 1130 times of the 
injury in uncoated leaves. In addition， the severity of the injury decreased as the size of a 
water droplet decreased due to the slow drop in leaf temperature. The results suggest that a 
gradual drop in leaf temperature inhibits leaf injury even though the temperature difference 












(Wisniewski et al.， 1997 ; J ohn et al.， 2001 ; Wisniewski et al.， 2002)や，植物集団におけ







パーミキュライト，ビートモス，パーライトを 5: 3 : 2 (v/v) の割合で混合したもの














像解析することにより求めた (Yunet al.， 1996). 
(実験 1)処理方法の違いが葉温降下と障害程度に及ぼす影響:50Cに設定した水に葉
身全体が浸るように1， 5， 10， 20， 30， 50秒間浸演し，それぞれの浸漬時間における
葉温変化および葉の障害程度を求めた.また， 50Cの水を葉面から 5cmp'の距離で、2.4ml/ 








の水 (230Cと 330C) に 3分間葉を浸演し，異なる葉温の葉を用意した.直ちにすべて
の葉は温度較差が 130Cになるように設定した 100Cまたは200Cの水に 3秒間浸漬した.
浸漬処理による葉温の変化と障害程度を求めた.また，温室内(気温 20oC，相対湿度
45士5%)で植物体を用いて所定の温度の水 (250C，30oC， 350C， 400C) に地上部全体
25 
を水に浸るよう 3分間浸演することで葉温が異なる株を用意した。ただちに地上部全














(実験 1)処理方法の違いが葉温降下と障害程度に及ぼす影響:葉温約 20UCの葉を 5UC
の水に浸潰した場合，浸漬時間が 5"'10秒で葉温は 12'"13uC低下し，水温に近い温度




った.一方， 5uCの水を i田/秒の間踊でスプレー処理した結果，葉温は 15秒間でゆっ









が約 30C/秒を超えたところで障害発生が見られた (Fig.2). 葉温降下速度が 30C/秒以
下であれば， 障害の発生が見られなかった.葉温降下速度が 30C/秒を超えた は
速度が大きいほど障害程度が大きくなる傾向を示した.
(実験 3)処理前の葉温の違いが葉温降下速度と障害程度に及ぼす影響:葉温250Cか
ら 400Cまでの無傷の成株を用いて， 5秒間 10，15および 200Cの葉温降下処理を行つ
た結果，処理前の葉温によって障害が発生する温度較差に大きな差が見られた(Table1). 
つまり，温度較差が 100Cの場合， 400C→300Cの処理でのみ障害が発生し， 350C→250C， 
30
0C→20oC， 250C→150Cでは障害が見られなかった.温度較差が 150Cの場合， 400C→ 
25
0Cと 350C→200Cでは障害が見られたが， 300C→150Cと 250C→100Cでは障害が見られ
なかった.温度較差が 200Cの場合は全ての処理区において障害が見ろれた.従って，
葉温 40oC，350Cそしてお℃の株においては，葉温が高いほど少ない温度較差の水温に
よって障害が発生した.葉温 330Cおよび 230Cの葉を用意し，温度較差が同じく 130C
になるようそれぞれ 200Cおよび 100Cの水に浸潰した結果，処理前の葉温によって異な
る温度変化を示した.浸漬 3秒間で 330Cの葉と 230Cの葉は， それぞれ 10.50C (3.50C/ 
、 、 ， ， ??











Cの水を水量 10μ1，50μiそして 100μ1で葉 (230C)の表面に落とした場合，水滴
が占める葉底面積当たりの温度降下は水滴が付着した 3秒間でそれぞれ 5.80C (1.90C/ 
秒)， 7.30C (2.40C/秒)そして 8.40C (2.80C/秒)を示した (Fig.3A). また，水温 50Cの

































また 400Cと高くなるにつれて小さい温度較差によって障害が発生した (Table1). こ
の結果も葉混の違いによる葉温隆下速度の違いに起国するものと考えられる.しかし，
無傷の葉が切葉に比べ障害の発生する温度較差が大きかった理由については不明であ
る.異なる品種ではあるが， Maekawa et al. (1987) は様々な葉温の切葉の何れにおい
ても 5'"'-'100Cの温度較差によって障害が発生するとしており， Okada et al. (1973)は葉
温と水温に差がない時にも軽度の障害が発生したとしている.このような感受性の
いは葉を切断する操作の有無 (Yanget al.， 2003)あるいは栽培環境の違い (Yunet al.， 
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Fig. 1. Time course of leaf temperature and leaf injury at lowwater temperature. 
A. Immersion treatment or B. Spray treatment was conducted using detached 
individual leaves for different time lags (from 1 sec to 50 sec). Z (Leaf 
temperature before the treatment -leaf temperature immediately after the 
treatment). In the case of immersion treatment， leaf temperature was detected 
immediately after removing the leaf from water. Leaf temperature was moni tored 
by ther阻ographyas an average temperature of leaf surface. Y (Browned area/leaf 
area) x 10. Vertical bars indicate SE. 
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1 2 3 5 6 7 
Temperature drop rate ec/s) y 
Fig. 2. Relationship between leaf temperature drop rate according to water 
temperature and severi ty of leaf injury. Z The same as in Fig. 1. Y Change 
in leaf temperature per second calculated from the temperature difference 
j 
~ 
during 3 sec of immersion. 
Table 1. Effect of ini tial leaf temperature on the incidence of leaf injury during 
temperature drop. Z The same as in Fig. 1. Y The upper part of the plant let was immersed 
in water with the previous higher temperature of water for 3 min to make the leaf 
temperature uniform and then immersed for consistency in the next lower temperature 
of water for 5 sec. The shaded parts indicate where the leaf browning occurred. 
Temperature diference (OC)Z Hi2:her temoerature → Lower temoerature (OC? 
??? ?
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Table 2. Effect of ini tial leaf temperature on the leaf temperature drop rate 
and the severi ty of leaf injury during the temperature drop at the same interval. 
z， X The same as in Fig. 1. y The same as in Fig. 2. wThe average of 10 individual 
leaves士SE.
T emperature difference (OC/3 sY 
T emperature drop rate (OC/ s)Y 
Extent of injury (%Y 









Table 3. Effect of leaf coating on the temperature drop rate and the severi ty of injury. 
j 
p 
Detached leaves (230C) coated wi th vasel ine or not were immersed in water (7OC) for 3 
sec. z， y， X The same as in table 2. W The average of 10 individual leaves土SE.
T emperature difference (OC/3 s) z 
T emperature drop rate (OC/ s) y 
Extent of injury (%) X 























y = 0.0102x + 1.8194 
R2 = 0.9668 
75 100 
Quantity of water droplets (μ1) 
5 10 15 20 
Quantity of water droplets (μ1) 
j ，. 
Fig.3. Effect of quanti ty of water droplets on temperature drop rate and severi ty 
of leaf injury. A. Effect of quantity of water droplets on the temperature drop 
rate， which was monitored on the leaf surface for each water droplet 3 sec after 
dropping. Z The same as in Fig. 2. B. Effect of quantity of water droplets on 
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Time after leaf cutting (min) 
第2図 Streptocαrpusholstuの葉を切り取った後に誘導される葉の興奮状態の経時変化
切り取った葉は興奮状態の誘導を確認(葉面の軽い接触)するまでに、室温 (2OOC) 
の光条件(250μmol . m-2 ・ S-l)下 いた。障害程度の評価は、 o.全く傷害なし1.
樟害が葉面積の約 10%以下をしめる;2.障害が葉面積の 50%程度をしめる 3.障害葉面
積の 50%以上をしめるとした。 異なるシュートからの若い葉 10枚以上を用いた。
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Fig. 4. Leaf browning in wounded and unwounded plants after a brief immersion (3 sec) in water 
at 25，22， 19 or 160C. The leaf temperature before immersion was 24-250C. A， 41eaves were cut 
off (wounded plants); B，D、Cutshoots length in 6-7 cm; C， 7-8 old leaves were cut of. Two 
minutes after woundin!Z， wounded Dlants and cut shoots were immersed-in water for 3 sec. b' "V~...~~~ Y 
Injury in the opposite leaves of the first and second nodes (A，B，D) and remained young leaves 
(C) was evaluated. Each symbols represent the mean injury indexes (See in Fig. 2) of 5-10 


























‘Stimuli signaled portion (%)'ニinjurylength/leaf length X 100. 
、重量、 点、 3 cm 
.&;" 12 cm 
j ，. 
ゆ -35cm 




Fig. 6. Time course on the effect of cut shoot length on the incidence of leaf browning. 
Shoots that were 3 to 40 cm long were briefly immersed in water (4 oC lower than ambient 
temperature) at various intervals (0-5 min) after cutting. Browning index was determined in 
Fig.2. Each point represents the mean of five shoots. Bars represent SE. 
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にしめる傷害の割合.Injury index (0-3)は障害発生なしを S.lu山tiのシュートを切り取り、経時的に常温の水に数秒間
0とし、葉全面に障害が発生した時と 3として評価し 浸水処理し、障害を確認した。シュート 10個以上を用い















(材料および方法) 物理的刺激に対する感受性の高い Ruellia macranthα(Rln)、






















































して 1. センサー付着部から下に約 4""-'8cm離れた所で切断した， 2. センサー付着
部から下についた葉 4""-'6枚を切除した。センサー付着後値が安定してからこれらの傷
つけ処理を行い，続いて 1時間ほど測定を行った。蒸散流量 (g/h) を求める計算式
は，






























された Caが蒸散流に乗って運ばれたと思われる。 Sain存)auliaを用いて傷つけた 3分後
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図1.R.macranthαの茎および葉柄の切断が蒸散流速度に及ぼす影響
測定日は 1011-10/20中の晴れた日の 10: 00"-"3 : 00。
↑は切断開始を示す。
表 1.R.macranthαの茎および葉柄の切断が単位蒸散流量に及ぼす影響
:?tem.....cutting P~ti[l l~lc:~~Jting 
T irne (rnin) 日efore(同 .After(凶 Tirne (rnin) E:efo tB .After(足
ホ 30 4.07 
31 0 5 
1.02 1.06 
0.92 1.:32 0.:32 
ヤ
1.00 
0.52 0.50 1.07 1.17 
0.2日 0.56 0.43 











Fig. 2. Effect of cutting severity on water 
uptake of cut shoot. Each opposite samples 
of hand cut and razor cut used in the 
experiment were the same length of shoots 
¥...... ~-，・.ヘ方、.... .  J へv
SamplE 
















































































































































































ディスクを l分間浸漬した結果， 3SoC処理で 210C処理のものに比べ約1.3倍高い浸透
圧を示した(表3)。また，切り取った葉または数枚の葉を切り取った植物体に付いて






































Sain~ρau/ia ionantha (Gesneriaceae) 
Streptocarpus ho/stii (Gesneriaceae) 
Rue//ia macrantha (Acanthaceae) 
Eranthemum pu/che//um (Acanthaceae) 
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Rm/Rb Rm/Rh Rm 
対照区
2.7 
3/20 2/20 10 
z 障害程度は、 Oから 3までの4段階評価で表した
60 
Fig. 3. Leaf injury induced by a local wound. 
A， Leaf browning induced at sites distant from the wound by crushing with a leaf 
puncher (black arrow) in detached leaf in RuellIa macrantha 
B， Leaf transverse section 7 days after wounding， indicates injury of palisade 
1 ayer (wi). Bar = 200μm. 
C， Injury of young leaves induced by excision (detachment) of old leaves in 
SaIntpaulIaIonantha cv. Akira. 話orethan five basal leaves were detached at 
once on a sunny day in a glasshouse. The photograph was taken more than a week 




















Fig.l. The distribution of injury in a leaf after wounding at a distant site 
i註 RuellIamacrantha. A， Chlorophyll fluorescence image of leaf injury. The 
images were captured wi thin 1 min after wounding. Black image shows the decl ine 
of fluorescence intensi ty Cinjury); B， The same part of the leaf wi th A was 
photographed 1 hr after wounding. The arrow indicates wounded si te (1-cm 
1 ength) . Bar = 1 cm. 
j 
p 
図2 切断(傷つけ処理1分前)した Ruellia macranthaの葉(向軸側)に傷つける(点
線，約1cm)ことによって見られるクロロフィル蛍光強度の低下 A.傷つける直前;B， 
C， D， Eは，それぞれ傷つけてから o(傷つけた直後)， 3， 7， 25秒後の様子
傷害部(褐変)は暗く(低い蛍光強度) 健全部は明るく(高い蛍光強度)写っている。
